The efficiency of the transfection of chicken fibroblasts with a single dose (I"5 to I5O #g) of DNA isolated from virogenic RSV (Prague strain)transformed XC cells was increased if chicken fibroblasts were pre-treated with BUdR. Mitomycin or u.v. irradiation in doses used were not efficient. The repeated attempts to transfect duck fibroblasts, not containing activable endogenous chicken virus genome or group-specific antigen, always failed.
INTRODUCTION
A line of rat cells transformed with the Prague strain of Rous sarcoma virus, designated XC cells (Svoboda, 196o, 196i ) became a useful tool for the study of virus genome-cell interaction.
It was found that the RSV genome persists for an unlimited period of time in the population of XC cells and in all tested cell clones derived from it (Svoboda, I96I; Simkovi6, Svoboda & Valentov~i, 1963) . This genome is, however, not fully expressed and its full expression can be induced by fusion of XC cells with permissive cells (Svoboda, 1964; Svoboda, Machala & Hlo~finek, 1967; Vigier, 1967; Svoboda & Hlo~inek, i97o ) . The finding of the high stability of a not fully expressed RSV genome in XC cells and the possibility of inducing virus formation by cell fusion led us to the conclusion that the RSV genome is integrated in XC cells in a provirus-like state Svoboda, I964) , and XC cells have therefore been called virogenic cells.
Temin's prediction of reverse transcription of virus RNA to provirus DNA (Temin, i963) , verified by the finding of enzymes possessing such an activity in the virus (Baltimore, I97O; Temin & Mizutani, I97O) , opened the way to the biochemical study of RSV genome integrated in XC cells. Hill & Hillovfi (t971, I972) presented the first data showing that the DNA from XC cells can initiate the formation of infectious RSV after repeated transfer to permissive chicken fibroblasts.
We confirmed the above findings (Svoboda, Hlo~finek &Mach, I972 ) and, like Montagnier & Vigier (i972), we obtained the evidence that a single exposure of chicken fibroblasts to large amounts of DNA from virogenic cells led to virus production in some cases.
In the present studies, we tested the reproducibility of transfection of chicken fibroblasts after exposing them to single doses of DNA and measured the effect of different pre-treatments of chicken fibroblasts on their sensitivity to transfection.
In addition, some data on the nature of transfecting DNA are given.
METHODS
Cells. XC cells (Svoboda, I96O, I960, a line of rat tumour cells induced with the Prague strain of Rous sarcoma virus (PR-RSV), were passaged as a tumour suspension in vivo in t-to 6-day-old Wistar rats. o.1 to o.2 ml of a 3o ~ tumour suspension was injected subcutaneously in the interscapular region.
RSCH cells, which arose by transformation of Chinese hamster fibroblasts with the Schmidt-Ruppin strain of Rous sarcoma virus (SR-RSV) (Hlo2finek, Donner & Svoboda, I966), were regularly subcultured in tissue culture.
Viruses induced from XC and RSCH cells by fusion with the indicator cells obtained after transfection of chicken fibroblasts with DNA were classified as PR-RSV (subgroup C) and SR-RSV (subgroup D), respectively (Hlo~finek & Svoboda, 1972 ) .
Chick embryo fibroblasts were derived from Brown Leghorn embryos (type C/O) from a RIF-free flock. The duck embryo fibroblasts were derived from a flock of Khaki Campbell ducks of the Institute of Experimental Biology and Genetics. Cells were cultured in medium 199 supplemented with lO ~ tryptose-phosphate broth (Difco) and lO ~ foetal calf serum.
Exposure ofcetts to DNA. Four h after seeding secondary chicken fibroblasts (Io G cells/ 60 mm plastic Petri dish) (Falcon Plastics, Los Angeles, California), cells were treated with 5-bromodeoxyuridine (BUdR) (Calbiochem), IO or lOO #g/ml, or mitomycin C (Ferak, Berlin), o.oI or o.1 #g/ml, or with u.v. irradiation (Phillips germicidal lamp TUW3oW, dose rate 27"6 ergs/mm2/s or 55"2 ergs/mm~/2 s). Twenty-four h later, treated and untreated cultures were exposed to IOO #g of DEAE-dextran (mol. wt. 2 x lO 6, Pharmacia, Uppsala) for I5 min, the medium was removed, cells were exposed to the DNA diluted in phosphatebuffered saline (PBS; PBS-A, Dulbecco & Vogt, 1954) for 3o min and after this absorption period the medium was added. Cultures were split I : 2 at intervals of 3 or 4 days and subcultured for 4 weeks.
Testing of RSV. Medium collected from each dish was centrifuged at 3ooo g for 3o min at 4 °C and tested in the focus assay (Temin & Rubin, 1958) .
Preparation of XC DNA. After homogenization in o. 15 M-tris-HC1, o.o I M-sodium citrate, pH 8.6, the XC tumour tissue was lysedwith pronase (IOO #g/ml) (Calbiochem, grade B) and sodium dodecyl sulphate (SDS) (I ~), and the deproteinization was carried out using phenol. After the first phenol deproteinization, the aqueous phase was precipitated with ethanol, the resulting precipitate was dissolved in o-I x PBS and treated with RNase (Reanal, 5o #g/ml, previously heated at Ioo °C for 2 min), at 37 °C for 3o min. Pronase was then added (3o #g/ml) and incubated overnight at 4 °C. The incubation mixture was deproteinized with phenol, the aqueous phase was precipitated twice with ethanol and the final DNA pellet was dissolved in o.I x PBS.
Before inoculation into cells, the concentration of PBS in DNA samples was adjusted to physiological level. In individual DNA preparations the ratio of E26o/E28 o varied from 1.73 to ~-88. The ratio E26o/Eezo was higher than 2 in all preparations. The sedimentation profile in neutral sucrose gradient or in an analytical ultracentrifuge gave the distribution of DNA molecules between 7 and 35 S, which corresponds to a maximal tool. wt. of 3 × lO7; 2z'7 ~ of DNA had the mol. wt. equal to or greater than 1.6 x IO 7. Preparation of RSCH DNA. From RSCH cells grown in vitro, DNA was essentially prepared by the method of Marmur (1963) . In Order to eliminate the possible contamination with RNA, additional treatments of DNA after isopropanol precipitation were included.
The DNA solution was shaken in 5 ml of 9o ~o phenol supplemented with o.I ~ hydroxychinolin and centrifuged at 15oo0 rev/min (MSE 4o, rotor 4o) for I5 min. The supernatant fluid was shaken 6 times with ethyl ether and ether was removed by aeration with N2.
The solution of DNA was then supplemented with solid NaC1 to give a 2 M concentration and left in ice until next day, when the solution of DNA was centrifuged at I5 ooo rev/min (MSE 4o, rotor 4o) for 6o min. The supernatant fluid obtained was again centrifuged at 37ooo rev/min overnight (l~iman & Beaudreau, I97o ) (Spinco rotor SW 39) and sedimented DNA was dissolved in o.8 ml solution of o-I M-NaC1, o'o5 M tris-HC1, pH 7"o, which represents 'the basal solution of DNA' which was kept in ice after addition of o'o5 ml chloroform. This solution contained I4 to I6 mg DNA and the contents of orcinolpositive substances was lower than o-I ~ 'RNA' (Ceriotti, I955) .
CsCl-gradient sedimentation was essentially performed according to Brunk & Leick (i969) . The quantity of about 1"5 to 1-8 mg DNA of 'the basal solution of DNA' was centrifuged in pre-formed CsC1 gradient for 3o h at 35ooo rev/min (Spinco rotor SW 39) at ~5 °C. From the gradient 5o fractions were collected, their density measured (Szybalski, I968), and each fraction was supplemented with sterilized distilled H20. After measurement of their extinction in separated fractions, the peak fractions were pooled and DNA precipitated with ethanol as strands, coiled on the rod and washed in 7o ~ ethanol, then dissolved in PBS and precipitated again with ethanol. The final precipitate of DNA was dissolved in sterilized distilled H~O and, after the addition of 1/z vol. of PBS, was kept in ice until final application. Pooled peak fractions contained about 3o E26o units/ml.
Isolation of nuclear and cytoplasmic RNA. RNA was isolated by the phenol method according to TrfivniSek, Vepi'ek & l~iman (1967) , and purified by repeated precipitation with ethanol.
DNase treatment. DNA was dissolved in o.I M-NaC1, o.oI M-tris-HC1, 2mM-MgCI~, pH 7"4, and DNase I (Worthington, RNase-free) was added at a final concentration of 4o #g/ml and incubated for 6o rain at 37 °C.
Alkaline denaturation. The solution of DNA in o.I × PBS was adjusted with o.I N-NaOH to pH I2 and incubated for 3o min at 37 °C. Then the sample was rapidly cooled and neutralized with o.I N-HC1 to pH 7.
RESULTS AND DISCUSSION
Our previous experience with the transfection of chicken fibroblasts with XC DNA (Svoboda et al. I972) has shown that the addition to chicken cells of XC DNA resulted in RSV production in only two out of four experiments. If doses lower than 3oo #g XC DNA were used, no RSV production was observed. In order to improve the sensitivity to transfection, we treated chicken fibroblasts wittl u.v. irradiation, mitomycin C or BUdR before exposure to XC DNA. Only BUdR exerted a clear-cut effect. In all eight experiments, in which five different preparations of XC DNA were used for the transfection of chicken fibroblasts pre-treated with BUdR, RSV production was obtained. The numerator indicates the number of experimental dishes where RSV production was found, the denominator gives the total number of dishes.
Titres of RSV found in individual dishes are given in parentheses. * Titres of RSV are given in f.f.u./ml.
Results of two such experiments are given in Table I which also shows that the treatment of fibroblasts with BUdR alone does not lead to the formation of transforming virus. Similarly Tables 2 and 4 demonstrate the effect of BUdR. Doses of DNA active in transfection experiments ranged from I"5 to I5o/zg. The lowest amount of DNA found to be active in such experiments was o'I5/~g. The sensitivity of the test was therefore two or three orders higher than that of the test used by Hill & Hillov~i (I97I , I972) .
In three out of eight experiments, positive transfection was obtained also in non-pre-treated chick fibroblasts exposed to XC DNA (see Table 5 ).
The first signs of morphological transformation were observed I I days after transfection of BUdR-pre-treated fibroblasts. Fig. I shows one of the discrete foci which appeared after this period. Such foci consisted of refractile round cells which vigorously proliferated, and cell culture became fully transformed in a few days.
Similar morphological changes were detected in non-BUdR-pre-treated cultures I6 days after the addition of XC DNA.
The mechanism of the influence of BUdR-pre-treatment on the outcome of transfection is not yet clear. This pre-treatment could produce changes in the cell cycle and in the physiology of the cell which are favourable for the transfection. BUdR produces cross-links between DNA strands and chromosomal breaks (Somers & Hsu, I962; Opara-Kubinska, Kurylo-Borowska & Szybalski, 1963) . This could make an efficient integration of XC DNA in the structure of chicken cell genome possible, or increase the chance for the recombination between the introduced XC DNA molecules, as was the case with some phage transfection (Okubo, Strauss & Stodolski, I964; Boling, Setlow & Allison, I972). The BUdR was also shown to be an inducer of RNA tumour viruses from tumour cells or normal cells (Klement, Nicolson & Huebner, I97I; Lowy et aL 1971) . It is tempting to speculate that such an activation of endogenous C type genome in the chicken fibroblasts will make the recombination with RNA transcript of introduced XC DNA possible. If the recombinant contains genes for virus coat and transformation capacity from PR-RSV genome present in XC DNA, it will be registered as a transforming virus. In accordance with these assumptions, in repeated experiments we obtained no transfection of duck fibroblasts, non-treated or pre- Table I. treated with BUdR, in spite of the fact that these cells were found to be fully permissive for the C subgroup of avian leukosis viruses, including also viruses obtained after transfection of chick fibroblasts with XC DNA (Hlo~finek & Svoboda, 1972) . However, the duck fibroblasts used were free ofactivable endogenous chicken virus genome, and no group-specific (gs) antigen synthesis was detected. For the detection of these genomes, both procedures of Table I. 3-0 Weiss et al. (I97I) and Weiss (I972) were used. In addition, duck cells treated with BUdR were co-cultivated with Japanese quail cells for 3 weeks and then tested for the presence of endogenous virus genome according to Weiss (I972) and for the presence of gs antigen using the COFAL test. Even in this case, neither gs antigen nor activated virus genome were detected.
In further experiments, we compared transfecting ability of nuclear and total XC DNA. As shown in Table I. accordance with this finding no morphologically detectable transformation of chicken fibroblasts was obtained when XC mitochondrial DNA prepared by Dr J. Korb in relatively high doses (28 #g) was used for transfection of such fibroblasts (unpublished results). That DNA is responsible for transfection is supported by the finding that large doses of XC RNA or RSCH RNA are not active in transfection experiments (Table 3) and that the peak-fraction of CsC1 gradient or RSCH DNA has effectively transfected chicken fibroblasts (Fig. 2) . In addition, the transfecting activity of XC DNA was lost after DNase treatment (Table 4 )-This finding confirmed Hill & Hillov~i's 0972) data based, however, on repeated exposure of chicken fibroblasts to XC DNA. Alkaline denaturation of XC DNA for 3o min followed by rapid renaturation also destroyed transfecting activity of DNA (Table 5 ). The sensitivity to alkaline denaturation suggests that the highly organized structure of XC DNA is necessary to maintain its transfecting activity. Further experiments dealing with the molecular characteristics of transfecting XC DNA are in progress. This investigation was aided by a grant from the Jane Coffin Childs Memorial Fund for Medical Research (U.S.A.).
